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ABSTRACT A 2-yr Þeld and laboratory study investigated insect resistance of the maize, Zea mays
L., inbred Tex6, which has previously demonstrated resistance to Aspergillus ear rot and aßatoxin
production, relative to susceptible inbred B73. Field studies indicated signiÞcantly greater resistance
to insect feeding of V4ÐV8 growth stage Tex6 plants comparedwith B73 plants in both years, primarily
to ßea beetles (Chaetonema spp.). Field studies of natural (1999) and artiÞcial (2000) infestations of
corn earworms,Helicoverpa zea (Boddie), indicatedmuch lower levels of kernel damage atmilk stage
(approximately three-fold) and smaller surviving larvae (approximately three-fold) inTex6 compared
with B73 ears. At harvest similar trends in reduction of numbers of damaged kernels per ear, as well
as incidence and numbers of kernels per ear symptomatically infected by Fusarium spp. were noted.
Laboratory studies indicated little difference in mortality or survivor weight of caterpillars or sap
beetle adults caged with milk stage kernels of the two inbreds. However, assays with silks indicated
signiÞcantly greater mortality of H. zea in both 1999 and 2000, and European corn borer, Ostrinia
nubilalis (Hübner) in 1999 (only year tested)when fed Tex6 silks comparedwith B73 silks. Pollinated
Tex6 silks were generally darker colored and more toxic than unpollinated silks. Thus, it is possible
that commercially usable inbreds with resistance to insects, which also contribute to the mycotoxin
problem through vectoring and damage, could be produced using Tex6 as a source.
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THE PRESENCE OF ear mold toxins (mycotoxins) in U.S.
corn causes hundreds of millions of dollars of direct
and indirect losses each year (USDA-ARS 1999, Var-
don 1998). One of the most insidious groups of my-
cotoxins are the aßatoxins, which are among the most
potent carcinogens known (Lillehoj 1992). Consider-
able effort is being expended to control the producing
fungi (primarily Aspergillus flavus Link) and the in-
sects that contribute to the aßatoxin problem by vec-
toring the fungus or damaging corn which assists es-
tablishment of the fungus (Dowd 1998).
Corn ear resistance to A. flavus and/or production

of aßatoxin is one management strategy that is being
pursued to control aßatoxin. Several different inbreds
or hybrids have been identiÞed with varying levels of
resistance to A. flavus, the aßatoxin-producing fungus
found in corn, and/or aßatoxin production (e.g.,
Brown et al. 1998). The inbred Tex6, developed at the
University of Illinois from a southern cultivar (Plant
Introduction 401763), has relatively high and consis-

tent resistance to bothAspergillus ear rot and aßatoxin
productioncomparedwith thewidelyused inbredB73
(Hamblin and White 2000).
Common mechanisms may be involved in plant re-

sistance to both insects and fungi, including secondary
metabolites suchashydroxamicacids(e.g.,Milleret al.
1996), directly active proteins such as ribosomal in-
activating proteins (e.g., Dowd et al. 1998), or indi-
rectly active proteins such as peroxidases (e.g., Dowd
1994b, Dowd and Lagrimini 1997). Common insect
and fungal resistance quantitative trait loci (QTLs)
havealsobeen identiÞed inmaize(e.g.,McMullenand
Simcox 1995). Past studies involving an aßatoxin-re-
sistant southern adaptedmaize inbredMp313E (Scott
and Zummo 1988) identiÞed kernel resistance to in-
sects as well (Dowd 1994a) which appeared to be at
least partly due to the higher levels of peroxidases
(Dowd 1994b). Peroxidases were subsequently con-
Þrmedas a resistancemechanismusing studies involving
transgenic plants (e.g., Privalle et al. 1999). We now
report that in addition to resistance to Aspergillus ear
rot/aßatoxin production, Tex6 also has resistance to in-
sects relative to the inbredB73, especially silk resistance
to the corn earworm, Helicoverpa zea (Boddie).

Materials and Methods

Plants. Seeds of Tex6 and B73 were obtained from
seed increased from stock in 1998 (see Hamblin and
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White 2000). B73 is widely used as background ma-
terial for commercial hybrids and is reported as having
lower than average tolerance to European corn borer
(e.g., Troyer 2001). Seedlings were initially germi-
nated and grown under greenhouse conditions and
transplanted at the three-leaf stage in lateMay to early
June into a Þeld site at Peoria, IL, using techniques
described previously (Dowd 1994a, 2000). Supple-
mental high nitrogen fertilizerwas addedwhen leaves
appeared pale, as described previously (Dowd 2000);
three applications were made in 1999 and 2000 to V4,
V6, and V8 (Ritchie and Benson 1989) plants. Both
inbredswere planted atweekly intervals for 3wk each
year (80Ð100 seedlings per inbred per planting) start-
ing at the same time, so that ears of each inbredwould
be available in milk stage during the same time period
despite different rates of development. Different in-
breds were planted in blocks to minimize cross pol-
lination. Pollination was hand assisted, and examina-
tion of ears used in experiments indicated very little
cross pollination, limited to only a few kernels on any
ear (as indicated by yellow kernels on the white ker-
neled Tex6). No off color kernels were used in labo-
ratory assays.

Insects. Corn earworms, fall armyworms [Spodopt-
era frugiperda (J.E. Smith)], and a corn feeding sap
beetle (Carpophilus freemani Dobson) (Coleoptera:
Nitidulidae) were reared on pinto bean diet as de-
scribed previously (Dowd 1987, 1988; Dowd and
Weber 1990). Adults of the dusky sap beetle, Car-
pophilus lugubris Murray (Coleoptera: Nitidulidae),
were Þeld collected using baited traps as described
previously (Dowd1994a,Dowdet al. 1998). European
corn borer eggs, Ostrinia nubilalis (Hübner) (Lepi-
doptera: Crambidae), were provided by L.C. Lewis,
USDA-ARS, Corn Insects andGenetics ResearchLab-
oratory, Ames IA, and hatched under the same con-
ditions used to rear the other caterpillar species.

FieldExperiments.Field studieswere conducted in
both 1999 and2000 at the same site inPeoria, IL. Plants
were observed weekly for insect damage. When ob-
vious leaf damage was observed, the number of af-
fected plants was recorded for each inbred. Staggered
weeklyplantingaffected infestation ratesmore in1999
than 2000, hence a larger groups of plants of the same
developmental stage (V4-V6) were rated in 2000
(minimum of 217) compared with 1999 (minimum of
72). Incidenceofdamagedplantswasdetermined, and
the presence of damaging insect species and charac-
teristics of damage were observed. In 1999, the sever-
ity of damage was also determined by rating plants on
a 0Ð10 scale based on the % of leaf consumed to the
nearest 10% (1 � 10%, 2 � 20%, and so on).
In1999, ahighnatural infestationofH.zeaoccurred,

so additional insects were not added. At least 40 ears
of each inbred were sampled at milk stage in 1999. In
2000, trapping in nearby areas indicated low popula-
tions of both O. nubilalis and H. zea moths during
silking, so plants were artiÞcially infested with H. zea
to be consistent with the most commonly occurring
insect species encountered in 1999. Thus, in 2000 the
ears were infested as described previously (Dowd

2000), by adding 10 neonates to silks 7 d after polli-
nation (all infestations were performed on the same
day), and covering ears with cloth bags to retain cat-
erpillars in the ear zone. At least 14 ears of each inbred
were artiÞcially infested and sampled at milk stage in
2000. Ears were evaluated for insect infestation and
damage at milk stage and harvest stage, which in-
volvednatural insect infestations inbothyears(except
milk stage samples in 2000). Evaluations at milk stage
included measuring total ear length, length of silk
channel fromhusk tip to ear tip, distance of caterpillar
penetration in the silk channel fromhusk tip to ear tip,
length of ear unÞlled at the tip, numbers of kernels
damaged, numbers and species of insects present (or
by characteristic damage if absent per Dowd 2000),
and weights of surviving caterpillars. At harvest, the
incidence and numbers of kernels damaged by differ-
ent insect species was determined. Because insect
damage may facilitate invasion of fungi that produce
mycotoxins (Dowd 1998), the incidence and numbers
of kernels symptomatically infected by Fusarium spp.
fungi (no A. flavus occurred in either year) was also
determined. At least 20 ears of each inbred were sam-
pled at harvest in both years of the study.

Laboratory Experiments. Silk and kernel evalua-
tions for insect toxicity were performed concurrently
withmilk stageearÞeldevaluations.Milk stagekernels
and silks from milk stage ears (consisting primarily of
silks frompollinatedkernels)were removed randomly
from at least four different ears of each inbred and
used for ad libitum studies with the different insect
species. Dried silk ends were removed, and only the
still turgid silkportions containedunder thehuskwere
used. Separating the silks by “parting” at the zone
where Þlled and unÞlled milk stage kernels conjoined
indicated obvious color differences between silks
(white to straw colored) attached to unpollinated
kernels and silks (reddish brown) attached to polli-
nated kernels on the same ear of Tex6. No color dif-
ferences between pollinated and unpollinated silks on
milk stage earswerenoted forB73 silks. Becauseof the
different colored silks of Tex6 inßuenced by pollina-
tion state, which may reßect a different composition
of toxins, assays were also set up using H. zea with
corresponding silks of different pollination states from
the same Tex6 ears as described for the other silk
assays to determine if pollination state inßuenced rel-
ative resistance. All insect species were caged indi-
vidually with single kernels or silk clippings using
24-well tissue culture plates, with 20 larvae per treat-
ment (Dowd 1988, 1994b). Insects were examined
daily and assays ended in 3Ð4 d (period of time ma-
terial would remain fresh). Mortality was determined
at each interval of examination (although only Þnal
values are reported). Survivorswerekilledby freezing
and then weighed using a Mettler AE-163 analytical
balance, which is accurate to 0.01 mg. Small larvae
were transferred with a pin probe by gently touching
the probe to the side of the larvae and then dislodged
by gently touching the larvae to the weighing dish on
the balance.
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Statistical Analysis. SigniÞcant differences in mor-
tality or other percentages were determined using the
chi-square statistic of PROC FREQ (SAS Institute
1987). In caseswhere cell sizes were less than Þve, the
log likelihood ratio statistic was used from this PROC.
SigniÞcant differences in weights, kernels numbers,
silk channel or ear Þll distances, or distances of pen-
etration were determined using analysis of variance
(ANOVA) with PROC GLM or equivalent (SAS In-
stitute 1987).

Results

Field Experiments. Younger (V4-V6 stage) Tex6
plants had a signiÞcantly lower incidence of insect
damage (primarily ßea beetle Chaetonema sp. as in-

dicated by characteristic damage of narrow parallel
lines [e.g., Gray 1999] and insect species present)
(Table 1). The severity of damage was also signiÞ-
cantly lower for Tex6 compared with B73 plants in
1999. The percentage of plants having a damage rating
above 1.0 in 1999 was signiÞcantly higher for B73
(45.8%) compared with Tex6 plants (8.3%). There
were no obvious differences in severity of damage in
2000, so this aspect was not rated.
Incidence of any caterpillar (allH. zea) presence on

milk stage ears was similar for B73 and Tex6 inbreds in
both years (Table 2). However, when H. zea were
present, the number ofH. zea per ear was signiÞcantly
lower for Tex6 comparedwith B73 ears for both years.
The number of kernels damaged per ear and weights
of surviving caterpillars were both signiÞcantly lower
for Tex6 compared with B73 ears in both years, and
was not dependent on the distance from husk tip to
Þlled kernels, as follows. H. zea penetrated Tex6 silk
channels fromhusk tip to ear tip a signiÞcantly shorter
distance compared with B73 silk channels in both
years, although kernel damage occurred at about the
same rate for Tex6 and B73 in 2000. The inbred with
the longest silk channel from husk tip to ear tip varied
from year to year. In 1999, the silk channel from husk
tip to ear tip of Tex6 was signiÞcantly longer than that
ofB73but theoppositewas true in2000.A signiÞcantly
greater length of the ear tips of Tex6 ears did not Þll
compared with B73 ears in both years, but this did not
appear to greatly inßuence the numbers of kernels
damaged, as few H. zea penetrated the silk channel
from the husk tip to the Þlled kernels of milk stage
Tex6 in 1999, and the distance from the husk tip to the
Þlled kernels ofTex6 (lengthof silk channel fromhusk

Table 1. Insect damage to young plant leaves in field studies of
Tex6 and B73 maize inbreds at Peoria, IL, in 1999 and 2000

Inbred % incidence �2 P n

1999

Overall
Tex6 31.9 72
B73 56.0 9.03 �0.01 84

Leaves with �1 damage rating
Tex6 8.3 72
B73 45.8 26.1 �0.01 84

Leaves with �5 damage rating
Tex6 4.2 72
B73 8.3 1.16 0.28 84

2000

Tex6 8.8 217
B73 35.9 47.1 �0.01 234

Insect damage appeared primarily due to ßea beetles (Chaetonema
spp.). Degrees of freedom for chi-square analyses are all 1.

Table 2. Ear parameters and insect damage to milk stage ears in field studies of Tex6 and B73 maize inbreds at Peoria, IL, in 1999
(natural infestation) and 2000 (artificial infestation)

Insect and ear parameters B73 Tex 6 F �2 df P

1999

% incidence of caterpillar presence 86.4 85.0 0.03 1 0.86
% ears with kernel damage (if present) 84.0 15.0 40.0 1 �0.01
No. kernels damaged per ear (when
damage present)

48.4 � 4.2 13.4 � 32.0 12.7 1, 41 �0.01

Weights of caterpillars, mg 324.8 � 40.8 115.8 � 31.2 11.1 1, 75 �0.01
Caterpillars per ear 1.3 � 0.1 0.9 � 0.1 8.54 1, 83 �0.01
Distance penetrated into silk channel
from husk tip to ear tip, mm

60.0 � 2.4 26.8 � 2.9 79.0 1, 71 �0.01

Silk channel length, mm 60.0 � 2.4 91.0 � 3.9 48.3 1, 82 �0.01
Length of ear tip unÞlled, mm 16.3 � 1.2 36.3 � 2.5 57.4 1, 84 �0.01

2000

% incidence of caterpillar presence 100.0 100.0 0.00 1 1.00
% ears with kernel damage (if present) 87.5 64.3 2.25 1 0.13
No. kernels damaged per ear (when
damage present)

26.4 � 2.8 5.9 � 0.7 33.6 1, 21 �0.01

Weights of caterpillars, mg 200.2 � 32.4 68.2 � 26.2 5.50 1, 43 0.02
Caterpillars per ear 2.2 � 0.3 1.3 � 0.2 6.51 1, 28 0.02
Distance penetrated into silk channel
from husk tip to ear tip, mm

86.2 � 4.4 46.4 � 5.6 31.6 1, 28 �0.01

Silk channel length, mm 86.2 � 4.4 53.2 � 4.4 27.3 1, 28 �0.01
Length of ear tip unÞlled, mm 29.7 � 2.0 36.8 � 1.7 7.00 1, 28 0.01

Chi-square values pertain to percentages analyzed by chi-square analysis, and F values pertain to means � standard error values analyzed
by ANOVA.
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tip toear tipplus lengthofunÞlledear at tip)wasequal
to that for B73 in 2000.
At harvest, incidence of caterpillar (nearly allH. zea

except for a fewO. nubilalis) damage in the two types
of inbred ears was similar for both years, and thus
followed the trendnoted for themilk stageears (Table
3). The number of harvest stage kernels damaged per
ear by caterpillars was signiÞcantly lower for Tex6
compared with B73 ears, as was found in milk stage
samples. The incidence of ears with kernels symptom-
atically infected by Fusarium sp. fungi was signiÞ-
cantly lower in Tex6 compared with B73 ears in both
years.Thenumbersofkernelsperear symptomatically
infected by Fusarium spp. fungi (when present) were
signiÞcantly lower for Tex6 comparedwithB73 ears in
both years. Sap beetle damaged kernels were the pri-
mary source of Fusarium damaged kernels not asso-
ciated with caterpillar damage, and occurred at about
the same rate for both inbreds in both years.

Laboratory Experiments.Therewere no signiÞcant
differences inmortality of caterpillars orbeetles caged

with milk stage kernels of either inbred in either year
(Table 4). There were no signiÞcant differences in
weights of surviving caterpillars caged with kernels of
the two inbreds in either year. However, Tex6 silks
were often signiÞcantly more toxic than B73 silks to
the caterpillars tested (Table 5). In 1999, Tex6 silks
killed signiÞcantly more H. zea and O. nubilalis com-
paredwithB73 silks. SurvivingH. zea and S. frugiperda
fed Tex6 silkswere signiÞcantly smaller than survivors
fed B73 silks. In 1999, surviving caterpillars cagedwith
Tex6 silks gained little or no weight compared with
weights at hatch of �0.05 mg. In 2000, signiÞcantly
more H. zea larvae fed Tex6 silks died, and survivors
weighed signiÞcantly less compared with larvae fed
B73 silks. However, there were no differences in mor-
tality or survivor weight for S. frugiperda larvae fed
Tex6 or B73 silks in 2000. Caterpillars (H. zea) fed
darker colored pollinated Tex6 silks had signiÞcantly
higher rates of mortality both in 1999 (53.1% versus
21.1%, respectively, P � 0.01, �2 � 6.35, df � 1) and in
2000 (47.4%versus 15.8%mortality,P � 0.04,�2� 4.38,

Table 3. Insect damage from natural infestations to harvest stage ears in field studies of Tex6 and B73 maize inbreds at Peoria, IL,
in 1999 and 2000

Insect and ear parameters B73 Tex6 F �2 df P

1999

% incidence of caterpillars 80.0 68.2 1.63 1 0.20
No. of kernels damaged per ear (if damage was
present)

48.9 � 3.9 13.9 � 1.0 66.2 1, 30 �0.01

% incidence of symptomatic Fusarium associated with
caterpillars

75.0 50.0 4.11 1 0.04

No. of kernels per ear with symptomatic Fusarium
(if present)

14.9 � 1.7 7.0 � 1.0 12.2 1, 25 �0.01

% incidence symptomatic Fusarium not associated
with caterpillars

10.0 15.0 0.13 1 0.71

2000

% incidence of caterpillars 24.8 20.8 0.40 1 0.53
No. of kernels damaged per ear (if damage was
present)

21.7 � 2.4 11.7 � 1.5 11.3 1, 22 �0.01

% incidence of symptomatic Fusarium associated with
caterpillars

24.8 11.1 4.17 1 0.04

No. of Kernels per ear with symptomatic Fusarium
(if present)

8.2 � 1.2 3.2 � 1.2 8.54 1, 22 �0.01

% incidence symptomatic Fusarium not associated
with caterpillars

14.5 5.6 3.24 1 0.07

Chi-square values pertain to percentages analyzed by chi-square analysis, and F values pertain to means � standard error values analyzed
by ANOVA.

Table 4. Effect of Tex6 and B73 milk stage kernels on caterpillars in 1999 and 2000 laboratory studies

Species
% mortality

�2 P
Weight, mg

F df P
Tex6 B73 Tex6 B73

1999

Corn earworm 5.0 0.0 0.97 0.32 2.1 � 0.2 1.8 � 0.2 0.82 1, 35 0.63
Fall armyworm 0.0 5.0 1.03 0.31 1.6 � 0.2 1.8 � 0.3 0.12 1, 36 0.73
European corn borer 15.8 5.3 1.12 0.29 0.6 � 0.1 0.7 � 0.1 0.23 1, 32 0.64
C. freemani 0.0 0.0 0.00 1.00 ND ND
Dusky sap beetle 10.0 0.0 2.10 0.15 ND ND

2000

Corn earworm 10.0 22.2 1.06 0.30 4.5 � 1.1 4.5 � 0.7 0.00 1, 29 0.98
Fall armyworm 5.0 0.0 1.03 0.31 2.7 � 0.5 4.2 � 0.6 3.66 1, 37 0.06
C. freemani 0.0 0.0 0.00 1.00 ND ND

ND, not determined. Degrees of freedom for chi-square analyses are all 1.
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df � 1) compared with those fed lighter colored un-
pollinated silks.

Discussion

Examples Where Insect Resistance Has Reduced
Mycotoxins in Corn. Insect damage by caterpillars
such asH. zea can facilitate the entry ofmycotoxigenic
fungi, and thereby greatly increase the levels of my-
cotoxins (review, Dowd 1998). Corn varieties with
better husk coverage and longer/tighter silk channels
(from husk tip to ear tip) can signiÞcantly reduce
aßatoxin levels in the southeastbyexcludingdamaging
insects from the kernels (Barry et al. 1986; McMillian
et al. 1985, 1987). However, ears with this type of husk
coverage are more susceptible to Fusariummolds due
to slow dry down in more northerly corn growing
regions (Trenholm et al. 1989). Transgenic insect re-
sistance due to expression of the Bt crystal protein,
when expressed at high levels in silks and ears, as well
as green tissue, can greatly reduce fumonisin levels
compared with corresponding nontransgenic hybrids
when O. nubilalis occurs at high levels (Munkvold et
al. 1999) and is the predominant pest (Dowd 2000).
However, reductions in fumonisin levels for Bt versus
non-Bt hybrids have been much lower when H. zea is
themajorpestpresent (Dowd2000, 2001).Reductions
in Aspergillus ear rot or aßatoxin production in Bt
relative to non-Bt inbreds or hybrids have generally
been poorer than for fumonisin (e.g., Windham and
Williams 1998). Thus, insect resistant corn germplasm
canhelp to reduce levels ofmycotoxins, depending on
the range of insects it affects, andwewould expect the
silk resistance to caterpillars noted in the current
study to also help reduce mycotoxin levels indirectly
through insect control.

Tex6 Insect Resistance. The current study indicates
Tex6,whichhasA.flavus-resistant ears (Campbell and
White 1995, Hamblin andWhite 2000) and silks (Mc-
Gee et al. 1995), and leaves resistant to southern corn
leaf blight, Cochliobolus heterostrophus (Drechs.)
Drechs. (D.G.W., unpublished data), compared with
B73, also has silk and leaf resistance to several species
of insects. The ear resistance toAspergillus ear rot and
aßatoxin production of Tex6 (Campbell and White
1995, Hamblin and White 2000) appears to be due to
the presence of a novel chitinase (Moore et al. 1999).

Chitinases are potentially useful in controlling insects
(Kramer et al. 1997). However, milk stage kernels of
Tex6 containing this chitinase do not appear to be
directly toxic to the caterpillars tested,whether due to
insufÞcient levels and/or insensitivity of the insects
over the period tested.
The most insect resistant tissues of Tex6 in the

current study were the silks. This conclusion is most
strongly supported by Þeld experiments in 1999, when
H. zea caterpillars did not penetrate the silk channel
of the Tex6 inbreds to the same degree as that of the
B73 inbreds, and laboratory assays with Tex6 silks,
which were more toxic to H. zea larvae than B73 silks
in both years. Although some variation of the degree
of silk resistance was noted in laboratory studies from
year to year and species to species, this would not be
unexpected based on the variety of environmental
factors that can inßuence resistance (e.g., Tingey and
Singh1980).Year to year environmental variationmay
also explain reductions in activity to S. frugiperda from
1999 to 2000, which may be less sensitive or sensitive
to different resistance factors present compared with
H. zea.
Reduced milk stage kernel damage of Tex6 inbreds

can also be explained by the silk resistance. In addi-
tion, to highermortalitywhichwould reducenumbers
per ear, development of survivors would have been
slowed down so that smaller larvae encountered ker-
nels and thus did less damage, a supposition that was
also supported by the fewer numbers and smaller
weights of larvae recovered fromTex6 comparedwith
B73 ears. High levels of Bt crystal protein expressed in
silks but not kernels due to a pith promoter were also
able to prevent kernel feeding by O. nubilalis larvae
such that no kernel damage occurred compared with
the corresponding non-Bt inbred (Dowd 2000).
Based on experiments in the current study when

unpollinated silks and pollinated silks of the same age
were fed to caterpillars, pollination appeared to en-
hance the resistance of the Tex6 silks. Although this
comparison was not performed with B73 silks in the
current study, recent studies have indicated no sig-
niÞcant differences in mortality or survivor weight of
H. zea larvae fed silks from pollinated versus unpolli-
nated kernels from milk stage B73 ears (P.F.D., un-
published data). Pollination state has also inßuenced
silk resistance to caterpillars in other studies. For ex-

Table 5. Effect of Tex6 and B73 silks on caterpillars in 1999 and 2000 laboratory studies

% mortality
�2 P

Weight, mg
F df P

Tex6 B73 Tex6 B73

1999

Corn earworm 52.6 6.7 9.17 �0.01 0.04 � 0.04 0.71 � 0.19 7.44 1, 21 0.01
Fall armyworm 31.5 10.5 2.63 0.10 0.09 � 0.03 0.37 � 0.10 5.31 1, 28 0.03
European corn borer 73.3 5.6 18.1 �0.01 0.06 � 0.02 0.18 � 0.04 2.86 1, 20 0.10

2000

Corn earworm 43.4 5.6 9.17 �0.01 0.27 � 0.03 0.52 � 0.08 4.42 1, 27 0.04
Fall armyworm 5.0 0.0 1.41 0.23 0.29 � 0.03 0.21 � 0.02 0.57 1, 32 0.57
European corn borer ND ND ND ND

ND, not determined. Degrees of freedom for chi-square analyses are all 1.
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ample, 10-d-old pollinated silks of Zapalote Chico
were much more susceptible to feeding by H. zea
larvae than silks fromunpollinatedears (Wisemanand
Snook 1995).
Considering the toxicity of Tex6 silks to H. zea

observed in our laboratory studies, it initially appears
unclearwhycaterpillarswereoften foundanddamage
occurred to Tex6 ears in our Þeld studies. It is possible
that oviposition by H. zea adults in 1999 occurred just
at pollination, so larvae were able to feed on silks
before levels of the resistance factors built up. It is also
possible the larvae fed somewhat selectively on un-
pollinated silks, and thereby avoided the more toxic
pollinated silks.
The degree of activity of the Tex6 silks against

caterpillars we observed appears to be comparable to
that of some the most highly resistant silks reported
previously, although differences in the design of prior
studies compared with the present one make direct
comparisons difÞcult. Silks of Zapalote Chico (PI
217413) can greatly retard growth ofH. zea larvae, but
apparently do not cause signiÞcant mortality to neo-
nateswhen incorporated intodiets (e.g.,Wisemanand
Snook 1995), while on ears (Josephson et al. 1966), or
fed fresh (Bennett et al. 1967). However, one report
indicatedmortality values of 24% and 80% for neonate
H. zea larvae fed on regularly replenished non-ex-
posed silks of Zapalote Chico after 15 and 25 d, re-
spectively (Wiseman et al. 1976). Earlier resistance
studies identiÞed a silk “lethal factor” active againstH.
zea in some lines of corn (Walter 1957), but stable
lines containing this factor were never developed or
maintained (Walter 1957, Luckmann et al. 1964). Be-
cause these original lines were derived from southern
and/or Illinois germplasm (Walter 1957), it is possible
this factor has been reestablished in the Tex6 inbred,
which is also derived from this type of germplasm
(Hamblin andWhite 2000), although the obscurity of
the original source materials make this difÞcult to say
for certain.
In conclusion, the resistance to insects noted for the

Tex6 inbred in the current study may be of consider-
able beneÞt in controlling mycotoxins in corn if it
segregates with the fungal resistance during selective
breeding. Resistance to H.zea is particularly valuable,
as these insects can cause losses of over 15% in Þeld
corn in the southeastern United States and losses of
50% to sweet corn (Wiseman 1999). These insects
have occurred more frequently in the major maize
growingareasof theUnitedStates in thepast fewyears
(Dowd 2000), they or close relatives occur in many
other maize growing regions in the world, and all of
these caterpillars can greatly increase the levels of
mycotoxins in corn (Dowd 1998). Evaluations of new
germplasm, derived fromTex6 that was developed for
A. flavus ear resistance, for resistance to insects are
planned. The mechanisms of silk resistance are pres-
ently unknown, but appear to be primarily due to
compounds other than maysin based on initial bioas-
says of solvent and chromatographically separated
fractions of Tex6 silk extractswith andwithoutmaysin
(including in the presence of oxidizing enzymes)

(Dowd et al. 1999, 2000; M. A. Berhow et al., personal
communication). It is possible new insect resistance
mechanismswill be found in the Tex6 silks thatwill be
amenable to genetic engineering strategies, whether
proteins and/or secondary metabolites are involved.
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